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Amplatzer Vascular Plug to occlude the internal
iliac arteries in patients undergoing aortoiliac
aneurysm repair
Chi D. Ha, MD,a and David Calcagno, MD,b Harrisburg, Penn
Purpose: The purpose of this report is to evaluate the use of conventional coils and the Amplatzer Vascular Plug, a type of
nitinol-based self-expanding device, to occlude the internal iliac artery in patients undergoing aortoiliac or common iliac
aneurysm endograft repair, or both.
Methods: Between August and December 2004, in preparation for endograft repairs of aortoiliac or common iliac artery
aneurysms, or both, at a community hospital system, five patients underwent the occlusion of the internal iliac artery with
an Amplatzer Vascular Plug to prevent endoleak. During the preceding 12 months, the conventional coil embolization of
the internal iliac artery was used for the same purpose in 10 patients.
Results: In five patients undergoing the Amplatzer Vascular Plug occlusion of the internal iliac artery, precise deployment
at the origin of the artery was achieved. Complete and precise occlusion was confirmed angiographically, and only one
device was used for each internal iliac artery. Two patients reported mild buttock claudication 2 weeks after occlusion,
which resolved completely by 6 and 8 weeks, respectively. A type II endoleak from the inferior mesenteric artery
developed in one patient. In the previous 10 patients, 11 internal iliac arteries were treated with conventional coils.
Subsequent repeat coil embolization was required for three patients. The procedural complications in this second group
included one case of coil embolization into the superficial femoral artery and one into the common iliac artery; both errant
coils were retrieved successfully by endovascular techniques. An average of 7  3.4 (mode of 5) coils were used for each
internal iliac artery. Three cases of buttock claudication occurred after the unilateral internal iliac artery occlusion in this
group and did not resolve. No evidence of ischemic bowel, buttock necrosis, or sexual dysfunction was observed in either
group. The estimated average cost to occlude one internal iliac artery was $375 for Amplatzer Vascular Plugs and $3,500
for conventional coils.
Conclusions: The Amplatzer Vascular Plug allows for a cost-effective method to occlude the internal iliac artery in patients
undergoing endograft repairs of aortoiliac aneurysms. The use of a single device with a precise placement at the origin of
the artery minimizes cost and avoids ischemic complications. ( J Vasc Surg 2005;42:1058–62.)As endograft repairs have become more generally ac-
cepted for abdominal aortic aneurysms (AAAs) and iliac
artery aneurysms, especially for patients with major comor-
bidities that hinder a safe surgical approach, attention has
been diverted to preprocedural occlusions of internal iliac
arteries (IIAs) to prevent endoleak of aneurysms involving
the common iliac arteries (CIAs) in the vicinity of the
internal iliac orifice. Approximately, 10% to 20% of AAAs
involve the iliac system. Therapeutic embolizations of the
IIAs are required in up to 20% of patients with AAAs
extending to the CIA1,2 and 80% of patients with isolated
CIA aneurysms (CIAA)3 in preparation for endograft
repairs.
Standard occlusion of the IIA has proven to be
relatively safe4-7 and has been performed by inserting
coils in the proximal neck of the IIA to induce thrombo-
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1058sis. This conventional method can be problematic, how-
ever. Coils can be displaced to a level far beyond the
origin of the IIA, and the collateral flow among distal
branches of the IIA can be compromised. Precise place-
ment of many brands of coils can be difficult. Often,
multiple coils are needed to occlude a single IIA, which
incurs a high cost for the procedure.
TheAmplatzerVascularPlug (AVP) (AGAMedical Corp,
Golden Valley, Minn) is a nitinol-based self-expanding cylin-
drical device similar to a family of devices used to correct
cardiac septal defects. The self-expandability is due to the
shape-memory effect in nickel and titanium alloys, first dis-
covered in 1959 byWilliam J Buehler, a researcher at Naval
Ordinance Laboratory, called nitinol (NIckel TItanium
Naval Ordinance Laboratory). The AVP has been approved
by the United States Food and Drug Administration under
a 501k clearance for arterial embolizations.
The AVP is made from 144 nitinol mesh wires se-
cured on both ends with platinum marker bands without
any fabric within the plug. These two marker bands and
the nitinol cage are radiopaque. A stainless steel micro-
screw is attached to one of the marker bands, which
allows for the attachment of the plug to a 135-cm long
delivery cable (Fig 1). The plug is preloaded on this
included delivery cable, which is flexible enough to
facilitate either an ipsilateral or contralateral approach.
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16 mm in 2-mm increments, and can be delivered by any
standard guiding catheter. The 4-, 6-, and 8-mm AVPs are
7-mm long and require a guiding catheter with the mini-
mum internal diameter of 5F. The 10- and 12-mm AVPs
are 7- and 8-mm long, respectively, and require at least a 6F
guiding sheath. Similarly, the 14- and 16-mm AVPs are
8-mm long and require at least an 8F sheath. The length
and type of the guiding catheter were chosen based on the
vessel anatomy and the intended position of occlusion.
Because the plug can assume its final position only
when the delivery cable is unscrewed completely from its
microscrew band by turning the delivery cable counter-
clockwise, the plug’s location can be tested by injecting the
contrast through the guiding sheath and adjusted accord-
ingly before the final release. The device is compatible with
magnetic resonance imaging (MRI) up to 1.5 Tesla. In our
study, AVPs are used as an alternative to traditional coils to
precisely embolize the proximal neck of the IIA in prepa-
ration for endograft repairs of aortoiliac aneurysms, CIAA,
or both.
MATERIALS AND METHODS
Between July 2003 and December 2004, 15 patients
presented to our surgical department for the treatment of
aortoiliac or isolated iliac aneurysms, or both. All patients
were asymptomatic, and the sizes of the aneurysms were
routinely monitored by computed tomography (CT) scan.
The general criteria for repair were rapid growth, size
5 cm at the largest diameter for AAA, and size3 cm for
isolated iliac artery aneurysms. All AAA patients included in
this report had a component of CIAA that required a
bifurcated modular stent-graft extending from the aorta to
both iliac arteries. All of the iliac aneurysms reported here
Fig 1. A16-mm-diameter 8-mm-long nitinol-based Amplatzer
Vascular Plug is preloaded on a delivery cable. The image is used
with permission from AGA Medical Corp, Golden Valley, Minn.were CIAAs, some with an extension to the external iliacartery (EIA). None had a proximal neck and, therefore,
required a bifurcated modular prosthesis.
The bifurcated modular prostheses used were Gore-
Excluder (W. L. Gore & Associates, Inc, Flagstaff, Ariz)
(n  7), AneuRx (Medtronic, Inc, Santa Rosa, Calif) (n 
6), and the ZenithR stent-graft (Cook, Inc, Bloomington,
Ind) (n 2). The choice of the grafts used in each case was
dictated by the surgeon’s preference, aortoiliac anatomy,
and device availability.
From July 2003 to July 2004, 10 patients undergoing
endograft repairs of the aortoiliac, iliac artery aneurysms, or
both underwent a preprocedural occlusion of IIA with
conventional coils, which were either Tornado or Nestor
coils (Cook, Inc). Between August and December 2004,
when the AVPwas available in our department, five patients
underwent occlusions of the IIAs with AVPs for the same
purpose.
The diameter of the AVP was chosen to be approxi-
mately 30% to 50% greater than that of the blood vessel.
This over-sizing was found by the manufacturer to help
with elongating the device and securing it tightly in the
final location to facilitate the unscrewing of the delivery
cable. All patients had an angiographic confirmation of the
occlusion after deployment of the device.
There was at least 1 week between the IIA occlusion
and the primary endograft procedure. After the primary
endograft procedure, the patients had an overnight hospital
stay and were scheduled to have a clinical exam and a CT
scan of the abdomen and pelvis at 1 month. The age,
gender, primary aneurysmal issue, device(s) used to occlude
each IIA, time between the IIA occlusion and the repair of
the primary aneurysmal issue, duration of follow-up, and
complications were carefully reviewed and recorded.
The statistical analysis in this report was done with SPSS
Data Editor, version 11.01, (SPSS, Inc., Chicago, Ill) for
Windows (Microsoft, Redmond, Wash). Values of P .05
were considered to be significant.
RESULTS
The 10 patients (9 men) undergoing coil embolization
of IIA within the 12-month period had a mean age of
71  10 years, as indicated in the Table. Four patients had
an AAA extending to the right CIA, but none into the left
CIA. The only woman in this group had bilateral CIAAs
(4.8 cm on the left, and 3.2 cm on the right) without
proximal necks; however, only the right IIA was occluded
with coils because the left CIA had a distal neck that
accommodated the left limb of the bifurcated modular
prosthesis. Eleven (n  11) IIAs were occluded, with
an average of seven (a mode of 5) coils for each (range, 3 to
14 coils).
Each embolization was confirmed by angiography (Fig.
2, A). Depending on its size and shape, the cost of each coil
used varied from $225 to $1,000. Our average price of each
Tornado and Nestor coil was approximately $400 and
$600, respectively, and the estimated average total cost of
coils used per IIA was $3,500.
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between the occlusion of the IIA and the endograft repair
of the primary aneurysm to ensure no severe pelvic ischemic
complication. At the time of the endograft procedure, three
IIAs were found to be patent and required 2, 3, and 8
additional coils in each case, respectively. There was one
case of coil dislodging and embolizing into the CIA, and
another one into the superficial femoral artery; both were
successfully retrieved by endovascular techniques. There
were no acute pelvic ischemic symptoms such as gluteal
necrosis, sexual dysfunction, or spinal cord, rectosigmoid,
or limb ischemia after the deployment of the coils and the
bifurcated modular endograft. However, 30% of patients
experienced persistent buttock claudication after the uni-
lateral IIA occlusion. One patient had a stroke 9 months
after the endograft repair, but this was due to left carotid
stenosis. Each patient had a CT scan at the 1-month
follow-up to evaluate the possibility of an endoleak and the
size of the aneurysm.
The five male patients who had IIA occlusions with
AVPs from August to December 2004 had an average age
of 78 6, which was similar to that of the previous group.
One had bilateral CIAA (4 cm on the left, and 3 cm on the
right) without proximal necks. The distal neck of the right
CIA was narrow enough to form a seal with the right limb
of the bifurcated modular prosthesis, and therefore, the
right IIA was not occluded. No patient had an isolated left
TABLE. Patient profile and outcome data
Coils AVP P
N 10 5
Age (mean  SD) 71  10 78  6 .185§
Gender (M:F) 9:1 5:0
Primary aneurysmal issues*
Bilateral CIAA (%) 2 (20) 1 (20) 1.000¶
Right CIAA (%) 1 (10) 1 (20) 1.000¶
Left CIAA (%) 3 (30) 0 (0) .505¶
AAA  right CIAA 4 (40%) 3 (60) .608¶
Number of IIA occluded 11 5
Device(s) used per IIA (SD) 7  3.4 1  0 .009§
Estimated cost per IIA $3,500 $375 .033§
Time between procedures
(days)† (range) 11 (7-30) 19 (0-78)
Mean follow-up duration
(mo) (range) 3.5 (1-9) 2.4 (1-7) .508§
Complications (%)
Buttock claudication 3 (30) 2 (40) 1.000¶
Endoleak 0 (0) 1 (20)‡ .333¶
Groin hematoma 0 (0) 1 (20) .333¶
2nd coiling requirement (%) 3 (30) 0 (0) .505¶
Device dislodging (%) 2 (20) 0 (0) .524¶
AVP, Amplatzer Vascular Plug; CIAA, common iliac artery aneurysm;
AAA, abdominal aortic aneurysm.
*Primary aneurysmal issue is defined as the aneurysm that needs endograft
repair after IIA occlusion.
†Time between occlusion of IIA and repair of the primary aneurysmal issue.
‡Type II, from inferior mesenteric artery, not from IIA.
§Calculated by independent samples t-test.
¶Calculated by cross table 2 test.CIAA. The mean size of the CIAA was 4.2  1.8 cm.All five IIAs were successfully occluded with only one
AVP (Fig 2, B). Because of the fixed price of AVP regardless
of the size, the cost per device used for each IIA in this
group was $375. In each case, the precise location of the
AVP was confirmed with angiography and the radiopaque
markers at both ends of the device before its final release.
Fig 2. Two angiographic studies. A, Successful occlusion of the
left internal iliac artery with three Tornado and four Nestor coils is
shown in a patient with a bilateral common iliac artery aneurysm.
B,Complete occlusion of the left internal iliac artery with only one
Amplatzer Vascular Plug (AVP) (arrows indicate the markers at
two poles of the AVP).The radiopacity of the device was more readily visualized
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our Fig. There was no incident of dislodging and emboli-
zing of the device. None of the patients required a second
embolization of the IIA.
The mean waiting time between the IIA occlusion and
aneurysm repair was 19 days in this group. After the en-
dograft repair, there was no observed severe acute pelvic or
limb ischemia. Mild buttock claudication developed in two
of the five patients 2 weeks after the procedure, but became
asymptomatic at the 6- and 8-week follow-up, respectively.
A single groin hematoma occurred that did not require
surgical intervention. No case of sexual dysfunction was
reported. Each patient in this group also had a CT scan at 1
month to evaluate for the possibility of an endoleak and the
size of the aneurysm. A persistent type II endoleak from the
inferior mesenteric artery developed in one patient.
DISCUSSION
Endograft repair of aortoiliac and iliac aneurysms is
gaining popularity. In many cases, the AAA is associated
with a clinically significant CIA. If the CIA aneurysm
extends to the CIA bifurcation, and there is a distance
between the EIA orifice and the IIA orifice, simply extend-
ing the endograft into the EIA beyond the IIA orifice
would potentially result in a type II endoleak. In these
cases, occlusion of the IIA before endograft placement
is necessary. If there is no such distance, the side of the
endograft alone would provide adequate closure of the IIA
orifice. Because the IIA is the major blood supply to the
gluteal area through its posterior division and to the
rectosigmoid and genital areas through its anterior division,
this occlusion may result in severe complications, including
buttock claudication in 13% to 50%,4-12 rectosigmoid isch-
emia in 4.5% to 11%,11,12 and sexual dysfunction in 1% to
13%4-8,10 of patients.
Buttock claudication resolves completely in 25% to
40%11,12 6 to 12 months after the procedure, when collat-
eral perfusion develops. In unusual cases, severe gluteal
necrosis may occur.4,9 There is an instance when gluteal
compartment syndrome develops after the IIA occlusion,
which results in sciatic nerve palsy and rhabdomyolysis-
related renal failure.13 Some authors attribute pelvic isch-
emic changes not only to the poor perfusion but also to
atheroembolization events during the insertions of occlud-
ing devices in the IIA.14
To date, the use of coils in the embolization of IIA has
still been an effective and reproducible approach.6,9,10,12,15
Possibly because of the high variability in the number of
coils used for each IIA, this number is not well documented
in the literature, but eight coils per IIA occlusion has been
reported.14 Attempts have been made to embolize the IIA
with detachable silicon balloons, but their deployment at a
precise location is extremely difficult.18 As a commonly
accepted rule, the occluding device should be placed as
proximal within the IIA as possible to allow the collateral
flow among the distal branches of the IIA.8
Some authors attempt to occlude the IIA by placing a
stent-graft across the origin of the IIA into the EIA insteadof placing occluding devices within the IIA.12,15-17 Theo-
retically, this could result in a type II endoleak directly from
the IIA. This approach would be effective, however, if the
IIA orifice is small and close enough to the EIA orifice to be
occluded by the side of a stent-graft. Others have tried to
improve the conformity of the distal end of the stent-graft
within the dilated CIA proximal to the IIA orifice by using
a flared cuff at the end of the stent-graft.16,19 This method
helps preserve the perfusion through the IIA system but
leaves the distal portion of the CIAA unprotected from the
systemic pressure.
Fourteen (93%) of 15 patients in our report are men.
Both groups are similar in age and primary aneurysmal
issues. Buttock claudication rates are similar in both groups
and within the range reported in the literature. The persis-
tence of this symptom in the coil embolization group is
likely due to the more distal deployment of the coils, which
may occlude some distal branches of the IIA. No case of
sexual dysfunction, gluteal necrosis, or limb or spinal isch-
emia was observed in our study.
Thirty percent of coil-embolized IIAs require another
coil embolization during the endograft procedure. This, of
course, adds to the overall time and cost. It may possibly
increase the risk of pelvic ischemia because no time elapses
between complete occlusion of the IIA and the placement
of the endograft. Moreover, the incidences of coil dislodg-
ing and embolizing distally are even more frustrating. This
problem, in fact, leads some authors to the practice of
injecting thrombin within the vicinity of the coils to induce
thrombus formation, which keeps the coils in place.20
Our major concern is the difference in the number of
devices used in two groups. One AVP consistently results in
a complete occlusion of each IIA without any incidence of
dislodging, but multiple coils are required to occlude each
IIA. Considering only the cost of the devices used in our
study, using AVP may save approximately $3,000 for each
IIA occlusion. The savings can potentially be much more if
the operating time and labor are taken into account. The
prolonged procedure time also means that the patients are
exposed to great doses of contrast and x-rays.
The use of the AVP has some drawbacks. First, because
it is a cylindrical device, it needs a short portion of blood
vessel with a constant diameter. For a tapering vessel, coils
may work better. Second, available AVP diameters are from
4 mm to 16 mm, and this is appropriate for medium blood
vessels. Small coils may work better for smaller blood vessels.
Finally, although AVP has been well known to interven-
tional cardiologists as a cardiac septal defect occluder, it is
new to vascular surgeons. As with any other new devices, it
will take time and practice to know whether the AVP is
more advantageous than coils in this setting.
CONCLUSION
The Amplatzer Vascular Plug allows reliable occlusion
of the IIA in patients undergoing endograft repair for aor-
toiliac aneurysms. There is precise placement at the origin
of the artery without any incidence of dislodging and
without significant complications. Only one device is used
JOURNAL OF VASCULAR SURGERY
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tional coils.
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